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Notes on terminology used in English translation (Your file WW053USU): 

Although the title used is "hydrodynamic clutch", we believe the term 
"hydrodynamic coupling" is better used here to conform to other translated 
patents as well as to the general use on Voith's website. Other terms that are 
the same as those used in these other places are also used, e.g., "^vorking 
medium" instead o "service fluid" and "primary/secondary impeller" instead of 
"primary/secondary gear". 
The abstract has been rewritten accordingly. 

We will be happy to make any changes that you might want with regard to the 
terminology used. 



(54) Title: HYDRODYNAMIC COUPLING 




(57) Abstract: The invention relates to a hydrodynamic coupling comprising a primary 
impeller and a secondary impeller, said impellers forming a toroidal working chamber. 
The primary impeller is located on a drive shaft or is integrated into said shaft. The 
invention is characterized in that the drive shaft is equipped with at least one supply 
chaimel for supplying a working medium to the working chamber and at least one 
evacuation channel for the simultaneous evacuation of the working medium fi'om the 
working chamber. 
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Hydrodynamic coupling 

The invention concerns a hydrodynamic coupling and particularly the line that conducts 
the working medium inside the hydrodynamic coupling. 

Hydrodynamic couplings are known. A particular field of application is in the area of 
turbocompoimd systems, in which an exhaust gas turbine is disposed in a drive train in 
the exhaust gas flow of an internal combustion engine and is in a driven connection with 
the crankshaft. In such systems, in the driven connection between the exhaust gas turbine 
and the crankshaft, a hydrodynamic coupling is advantageously connected in order to 
transfer power or torque, respectively. If the primary impeller of such a hydrodynamic 
coupling is driven by the exhaust gas turbine, this turbine, via the flow circuit for 
working medium in the working chamber of the hydrodynamic coupling, drives the 
secondary impeller of the hydrodynamic coupling, which is usually connected to the 
crankshaft by means of a suitable gear. This first driving mode is also referred to as the 
turbocoupling mode. 

As long as the hydrodynamic coupling is equipped with a means for locking the primary 
impeller resistant to rotation, the hydrodynamic coupling may also be used in a second 
mode — a, retarder mode — ^for braking the crankshaft. In this mode, the secondary impeller 
is driven by the crankshaft, the primary impeller is locked resistant to rotation, for 
example, by means of a multiplate coupling, and the crankshaft is braked by the transfer 
of torque from the secondary impeller to the primary impeller. Based on the fact that in 
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one case (turbocoupling mode), the primary impeller is driven, and in the other case 
(retarder mode), the secondary impeller is driven, the direction of the flow of circulating 
working medium is opposite for the two cases. Therefore, the direction of axial thrust 
varies, a fact which must be taken into consideration in the design of the bearing and the 
shaft seals. 

In addition, the rpm ranges are different in the turbocoupling mode and in the retarder 
mode. Overall, there usually results an rpm range between 4000 rpm and 12,000 rpm. 
The inlet and outlet seals, i.e., the seals with which the channels introducing the working 
medium and the channels discharging the working medium are sealed, are operated in 
this rpm range. In all relative seals, i.e, in seals between the components, when one of 
these rotates at a different rpm than the other and when one rotates and the other does not 
rotate, there is the problem, in particular, that two distinct operating ranges are present. 
Therefore, relative seals are conventionally designed in the form of an expensive floating 
ring seal. Such a floating ring seal is comparatively expensive and sensitive to disruption. 

The object of the invention is to provide a hydrodynamic coupling, particularly for 
application in a turbocompound system, which is improved when compared with the 
prior art. In particular, the hydrodynamic coupling according to the invention will make 
do with fewer floating ring seals. 

The object according to the invention is solved by a hydrodynamic coupling with the 
features of claim 1. Claim 8 describes a corresponding drive train according to the 
invention. The subclaims describe particularly advantageous enhancements of the 
invention. 
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The hydrodynamic coupling according to the invention is characterized by the fact that 

in a drive shaft, which drives the primary impeller, a supply channel is formed for 
introducing the working medium into the working chamber and an evacuation channel is 
formed for the simultaneous evacuation of working medium from the working chamber. 
Of course, several supply channels and several evacuation chaimels may also be 
provided. In particular, a central supply channel and several evacuation channels 
surrounding this central supply channel are considered. 

By providing supply channels and evacuation channels, respectively, within the drive 
shaft, all channels rotate at the same rpm, so that when compared with conventional 
designs, in which the supplying channels were formed by a component with a first rpm 
and the evacuating channels were formed by a component with a second rpm, and thus 
had to be sealed individually relative to the stationary components, at least one expensive 
floating ring seal can be dispensed with. Instead of this, a simpler gap seal is made 
possible between the inlet and outlet. 

The one or more supply channels and the one or more evacuation channels 
advantageously run in the axial direction in the drive shaft, at least over a pregiven 
segment. The one or more evacuation channels are advantageously disposed radially 
outside the one or more supply channels. On the one hand, the seal between the channels 
can be designed particularly simple in this way, and, on the other hand, the evacuation 
channels disposed radially on the outside can open up in a region of greater 
circumference of the working chamber of the hydrodynamic coupling, and the supply 
channels that are radially on the inside can open up in a region of the working chamber 
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which is located in a segment lying radially further on the inside. In particular, a region 
between the radial inner circumference and the circumference of intermediate height of 
the working chamber is taken into consideration for these radially inner openings. In 
particular, the working medium is guided directly into the center, i.e., the region of the 
central point of the circuit flow, into the so-called eye of the retarder. 

This positioning of the openings at prespecified heights of the working chamber is then 
particularly favorable when the hydrodynamic coupling is operated both in the 
turbocoupling mode as well as in the retarder mode. In the retarder operation, that is, due 
to the high evolution of heat in the working chamber, a large throughput of working 
medium is necessary in order to evacuate the heat that evolves along with the working 
medium. Due to the evacuation channels provided on the outer circumference, i.e., in the 
region of the greatest diameter of the working chamber that is shaped like an annular 
space, the openings of which oppose the flow direction of the working medium circuit on 
the outer circumference of the working chamber in retarder operation, a considerable part 
of the working medium flows out directly from the working chamber due to its alignment 
opposite to the meridian flow direction that is present here. In the turbocoupling 
operation, in contrast, in which the working medium is heated to a lesser extent by far, 
due to the smaller slip (the latter amoxmts to 100 per cent in the retarder operation, and 
advantageously 3 to 5 per cent in the turbocoupling operation), a smaller throughput of 
working medium through the hydrodynamic coupling is necessary. Since in this case, the 
meridian flow is the reverse, the largest part of the working medium flows through the 
radially outer-lying openings of the evacuation channels that are now aligned in the 
direction of the flow of working medium, and a correspondingly smaller throughput 
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results. The opening of the evacuation channels on the circumference, in particular, the 
outer circumference of the working chamber is thus advantageously designed tangential, 
in particular, in the primary impeller; i.e, the first section viewed in the flow direction, 
which connects to the opening of the evacuation channels in the working chamber, is 
formed in the primary impeller tangential to the circumference, in particular, in the region 
of the greatest diameter, of the working chamber. Advantageously, this region runs in an 
axis-parallel manner to the axis of rotation of the hydrodynamic coupling. This is 
described later in further detail with reference to Figure 1. 

The invention will be explained in more detail below on the basis of an embodiment 
example. 

Herein is shown: 

Figure 1 an example of embodiment of a hydrodynamic coupling according to the 



Figure 4 the arrangement of a hydrodynamic coupling according to the invention in 
a drive train of a turbocompound system. 

In the axial segment shown in Figure 1, a primary impeller 1 can be recognized, which is 
disposed on a drive shaft 4. Taken individually, primary impeller 1 is screwed onto the 
drive shaft 4 on the front side and sealed in such a way that the front-side contour of drive 



invention in a longitudinal sectional view; 



Figure 2 



a cross-sectional view along the line of intersection B-B of Figure 1 ; 



Figures 



a cross-sectional view along the line of intersection A-A of Figure 1 ; 
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shaft 4 forms a part of the end segment of a supply channel 5, which opens up in the 
center of a working chamber 3 in a region of the circumference 3.2. In addition, the 
supply channel 5 runs through the lengthwise axis of the drive shaft 4 in the longitudinal 
direction and is thus formed as a through-hole. This has the advantage that, through the 
axial segment of supply channel 5, the screws which are shown, by means of which the 
secondary impeller is screwed onto a shaft 7 on the front side, can be tightened or 
loosened, respectively. 

A plurality of evacuation channels 6 for evacuating working medium from the working 
chamber 3 of the hydrodynamic coupling is formed radially outside the supply channel 5 
in the drive shaft 4. Such an evacuation chaimel 6 can be recognized above the 
lengthwise axis in the cross section. The plurality of evacuation chaimels 6 completely 
encloses the supply channel 5, as can be seen particularly in Figures 2 and 3. 

The evacuation chaimels 6 essentially have a flow cross section in the form of a sector of 
an aimular gap. In contrast, the supply channel has a circular flow cross section over the 
largest axial region and is first guided radially outward in the region of the primary 
impeller, and opens up into the center of working chamber 3, in the form of a plurality of 
inlet bores, which are distributed over the circumference 3.2. 

The evacuation channels 6 also run at first in the axial direction, beginning from the end 
4. 1 of the drive shaft 4 on the drive side and are then deflected radially outward in the 
region of the primary impeller 1 in such a way that they again open up axially into 
working chamber 3 in the region of the largest diameter 3.3. This offers the advantage, 
which has already been described above, that the flow of working medium, during 
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retarder operation, is pressed directly into the openings of evacuation channels 6, which 
has as a consequence a correspondingly large throughput through the hydrodynamic 
coupling, since, during retarder operation, the flow in the secondary impeller 2 is 
accelerated toward the outside and enters axially into primary impeller 1 in the region of 
the outer circumference 3.3 (in the direction from left to right in Figure 1). In the 
turbocoupling operation, in contrast, the working medium flows in the circulating flow 
from right to left in the region of the outer circumference 3.3, i.e., axially from the 
primary impeller into the secondary impeller, and a correspondingly smaller part of 
working medium is taken up by the evacuation channels 6. Most of the working medium 
flows out over the outlet openings of the evacuation channels 6, is slowed down radially 
toward the inside in the secondary impeller, and again axially enters into the primary 
impeller 1 in the region of the inner circumference 3.1 of working chamber 3. 

The working medium is conducted into the supply channel 5 and from the evacuation 
channels 6 via the front side 4.1 of the drive shaft 4. For this purpose, on the front side of 
the drive shaft 4, a module 8 with a central channel 9 is disposed, as well as a channel 10 
which is shaped like an annular gap and surrounds the central channel 9. The central 
channel 9 for working medium has a circular flow cross section, at least in the region of 
the end tumed toward the drive shaft 4, wherein the supply chaimel 5 and the channel 9 
for working medium are aligned with one another. Due to the cross section of the channel 
10 for working medium, which is shaped like an annular gap at least in the end region of 
module 8, which is tumed toward the drive shaft 4, the evacuation chaimels 6 are also 
aligned with the channel 10 for working medium. 
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A sealing of the evacuation channel 6 or the channel 10 for working medium, 
respectively, relative to the environment, is provided by means of a floating ring seal 1 1 . 

A special sealing of the supply channel 5 or of the channel 9 for working medium, 
respectively, is not necessary; here, only a gap-shaped sealing is provided in the region of 
the connection of the drive shaft 4 relative to module 8. A small amoxmt of leakage from 
supply channel 5 or from channel 9 for working medium, respectively, into evacuation 
channels 6 or the channel 10 for working medium, respectively, is permissible. 

Since in conventional embodiments, in which the working medium is introduced into the 
working chamber via the drive shaft 4 and the working medium is evacuated from the 
working chamber via shaft 7, in the region of the far removed axially located end of the 
shaft 7, a floating ring seal also had to be provided, corresponding to the floating ring seal 
1 1, the embodiment shown offers the advantage that a floating ring seal is less necessary. 
This leads to reduced costs and to a higher operating reliability. 

Both impellers, i.e., primary impeller 1 and secondary impeller 2, are mounted in floating 
manner on the respective shafts 4 and 7. All bearings outside the core region of the 
hydrodynamic coupling can be positioned in this way. 

A hydrodynamic coupling which is connected in a driven connection between the 
crankshaft KW and an exhaust gas turbine 21 (ANT) can be recognized in Figure 4. A 
crankshaft 20*, as is known, is driven by an intemal combustion engine 20, and an 
exhaust gas turbine 21 is disposed in the flow of exhaust of the intemal combustion 

* sic — ^Trans. Note. 



8 



wo 2005/064184 PCT/EP2004/014022 

engine 20, in order to utilize the exhaust gas energy for driving the crankshaft 
(turbocoupling operation of a hydrodynamic coupling 22). 

In the retarder operation of the hydrodynamic coupling 22, the primary impeller 1 is 
locked against rotation by means of a multiplate coupling 23, and torque transmitted to 
the secondary impeller 2 by the crankshaft is drawn off via the primary impeller 1 and the 
multiplate coupling 23, so that the crankshaft is braked. 
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List of reference numbers 

1 Primary impeller 

2 Secondary impeller 

3 Working chamber 

4 Drive shaft 

4.1 Front side of the drive shaft 

5 Supply channel 

6 Evacuation chaimel 

7 Shaft 

8 Module 

9 Channel for working medium 

1 0 Charmel for working medium 

1 1 Floating ring seal 

20 Combustion engine 

2 1 Exhaust gas turbine 

22 Hydrodynamic coupling 

23 Multiplate coupling 
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